
" C  

COPY 
XM L55D22 

RESEARCH MEMORANDUM 

EFFECTS OF SPALWISE LOCATION O F  SWEEP DISCONTiNWY 

ON THE LOW-SPEZD STATIC LATERAL STABILITY 

CHARACTERISTICS OF A COMPLETE MODEL 

WITH WINGS O F  M AND W P U N  FORM 

By Paul G. Fournier 

Langley Aeronautical Laboratory 

NATIONAL  ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
May 25, 1955 



i A  

m 

NACA RM L55D22 

WTIONAL ADVISORY C O M m  FOR AEROIAUTICS 

CHARACTERISTICS OF A COMPLETE MODEL 

WITHWINGSOFMANDWPLANFORM 

By Paul G. Fournier 

An investigation 'as made of the law-speed s t a t i c   l a t e ra l   s t ab i l i t y  
characteristics of a coq le t e  model having a series of M- and W-wings. 
These  wings  were obtained  through  mcdificetion of a basic 45O swept wing 
erd vere  designed t o  cover a range of spanwise location of the sweep 
discontinaity. A l l  w i n g s  had an  aspect  ratio of' 6, a taper  ratio of 0.6, 

I 

I and 45' s-weepformzd or sweepback of the vario-us wing panels. 

The results indicate that, for  the range of spanwise location of 
sweep discontinuity  hvestigated  (outboard of midsemispan fo r  the W-wings 
and inboard of midsenispan for  the "wings), the variation of effective 
dihedral w i t h  spanwise location of  sweep discontinuity was apprecieble 
for A&e W-wings but was very small for  the "wings. 

In general, all the  configurations  investigated vim the "wings 
and sane of the configurations  with  the W-wings gave posi t ive  s ta t ic  
directional  stabil i ty over the lift-coefficient range investigated 
including the stall. 

INTliODUC'PION 

[ In reference I it has been shorn that the static  longitudinal 
stabfli ty  characterist ics of a sweptback wing at  high lift coefficients 
can be improved by modification of %he  wing t o  one  of the composite 
( M or  W) plan forms, that is, Dlan forms made up of coaibinations of 
sweptback and sweptfomrd  panels. During the investigation  reported 
i n  reference 1, the same series of M- and W-wings was tes ted  in   s idesl ip  
in  order to  deternine  the  effect  of spariise  location of  sweep - 



2 - NACA RM L55D22 

discontinuity on the  static  lateral   stabil i ty  characterist ics.  These 
resrrlts  are  presented  herein. The "wings tested had sweep discontin=- 
i t i e s  located a t  30-percent,  40-percent, or  50-percent semispan;  and 
the V-wings  had  sweep discontinuities  located a t  50-percentY  60-percent, 
or  70-percent semispan. All wings had an  aspect r a t io  of 6, a taper 
r a t io  of 0.60, NACA 65~009 airfoil   sections  parallel  t o  the  plane of 
symmetry,  and k45O panel sweep  of the quarter-chord  lines. 

The results of the s t a t i c   l a t e ra l  s t ab i l i t y  tests are  presented f o r  
conditions  with  the  horizontal and ver t ica l   t a i l s  off and on and for two 
vertical  locations of the horizontal   tai l .  One location  (referred  to as 
the low t a i l )  was on the  -dng chord plane  extended, and the other  loca- 
t ion  (referred  to as the  high tail) was a t  20.83-percent wing semispan 
above the wing chord plane extended. 

C O r n I C I E N T S  AND SYMBOLS 

The s tab i l i ty  system of axes used for  the  presentation of the data 
and the  positive  direction of forces, moments, and angles  are shown i n  
figure 1. All moments are  referred  to  the  quarter-chord  point of the 
wing mean aerodynamic chord. 

A aspect  ratio 

b w i n g  span, f t  

CL 

c2 

l i f t  Coefficient, - Lift 
qs 

rolling-mmnt  coefficient, Rolling moment 
qsb 

Cn yawing-moment coefficient, 
Yawing  moment 

q=J 

CY lateral-force  coefficient,  force 

c 2 P  

CnB 

cy$ 

qs 

roll ing moment due to   s idesl ip  per degree, a C & 3  

yawing moment due to  sideslip  per degree, &of3 
lateral force &e t o  sideslip per degree, aC&3 
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Notation: 

A 

M or W 

. 

wing zean aerodynamic chord, ft 

horizontal-tail m a n  aerodynamic  chord, ft 

diameter of' fuselage,  in. 

fuselage  length,  in. 

tail length,  distance  from E/4 to Et/4, ft 

free-stream  dynamic  pressure, p@-/2, lb/sq ft 

wing area, sq ft 

horizontal-tail  area, sq It 

free-stream  velocity,  ft/sec 

chordwise  distance  fram  leadiag  edge  of  root chord to 
E/& (positive r e m a  ~f leading edge),  in. 

distance  from  plane of  syrmnetry to any spanwise  stzztioq ft 

lateral  location of  sweep  discontinuity,  percent b/2 

angle of  at.teck,  deg 

angle of sideslip,  deg 

sweep of quarter-chord  line,  deg 

mass densi+,y of air, slugs/cu ft 

basic  sweptback  wing 

composite  plan-form wings (used  wfth  subscript 30, 40, 50, 
60, or 70 indicating  spanwise  location  of  sweep  discon- 
tinui- in percent b/2) 

F 
c 

fuselage - 
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vertical  ta i l  v 
HH 

EL 

w 

horizontal  tail,  high 

horizontal  tail,  low 

wing 

For the present  investigation, a series of seven plan forms were 
tested - each i o  conbination w i t h  a Paselage and tail.  The wings are 
the same 8s those  presented in  reference 1. The wings had an aspect 
r a t io  of 6, a  taper  ratio of 0.60, an NACA 65~009 airfoi l   sect ion 
parallel  t o  the  plane of symmetry, and 45' sweepback or sweepf'orgard 
of  Kle quarter-chord lines. The wings include  a sweptback w f n g  (bssic, 
4/& = k'jo) ,  three M-wings, and three W-wings . The three "wings had 
their  sveep discontinuities  located a t  30-percent,  40-percent, and 
50-percent semispan;  whereas the  three %wings had sweep discontinuities 
a t  50-percent,  60-percent, and 70-percent serrzfspan.  These wings are 
designated as 30, 1440, M50, W ~ O ,  W ~ O ,  and W70 wings, respectively. 
The hor izonta l   t a i l  has an assect   ra t io  of 4, a  taper  ratio of 0.60, 
4 5 O  sweepback of the quarter-chord line, azd NACA 65~006  airfoil   sections 
parellel  t o  the  plane of sylrmretry. The fuselege has a  fineness  ratio of 
10.86 which vas acaieved by cutting off a portion of the  rear of a 
fineness-ratio-I2  closed b e  of revolution,  the  ordfnates of which are 
presented in reference 1. The fuselage was constructed of wood and the 
vir& were constructed of wood bonded t o  steel  reinforcing spars. A 
three-view drawing of the model with a representative w i n ?  i s  shown in  
f igme 2. A photograph of a  typical  complete-ndel  configuration on 
the  sapport  strut i s  presented in  f igure 3.  

All the wings tested i~ this  investigation are i n  a nzidwing position 
and are nounted s o  that -the quarter-chord  soir-t of the  ving mean aero- 
dynamic chord, about which a l l  nornents and forces  ere taken, i s  located 
a t  the same point on the  fuselage for a l l  .the wings. Details of these 
vtng plan f o m  are  presented  in  figure 4. The m d e l  w a s  constructed so 
that   tes ts   codd be nede w i t h  the horizontal tail at two t a i l  heights. 
The high t a i l  was located 20.83-percent wing semispan ebove the wing 
chord plane extended and the low tai l  vas on the wing chord 9laoe extended. 

The  mode1 gas aouted  on a single  support  strxt, which in   turn was 
attached t o  the mechanical  balance systen! of the  Iangley 300 I P H  7- by 
10-f oot  tunnel. 
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TESTS AND CORRECTIONS 

&. 

A l l  tests were made a t  a dynamic pressure of 45.22 pounds per  square 
foot which for average test conditions  corresponds to a lbch Euriber of 
about 0.17 and a Reynolds number  of l,27O,OOO based on the wing man 
aeroaynamic chord of 1.02 feet. 

The present  investigation  coosists of tests d e  t o  determine the 
lateral   characterist ics of the m o d e l .  The parameters C z B ,  C q ,  and 
Cyp  were determined from tests a t  sideslip angles of t5O through the 
engle-of-attack rarrQe from approximately -bo t o  32'. The angles of 
attack were corrected for jet-boundary effects and were caquted on the 
basis of unswept-wing theory by the method of reference 2. Reference 3 
shows that  the effect  of sveep on this correction is small. The dynamic 
pressure has been corrected f o r  blocking, caizsed  by the model an3 i ts  
vake, by the method  of reference 4. 

Vertical buoyancy on the support strut,  tunnel  eir-flow misalinement, 
and longitudinal  pressure gradient have been accounted Par i n  the c q u -  
tation of the deta. These data have not been corrected  for  the tares 

complete-nodel configuration have indicated  that th! tares corresponding 
to   the  la teral   coeff ic ients   ere  snall. 

8 caused by the model support  strut; however, -Laze tests of a similar 

I 

RESULTS AID DISCUSSION 

Presentation of Results 

The results of the present  investigatioE &re presented in the 
f olioding figures : 

Figure 

Basic data . . . . . . . . . . . . . . . . . . . . . . . . . .  5 t o  I 2  
EWect of spanwise location of sweep discontinuity on C t $  13 
Variation of CzpcT. with spanwise locatioc of sweep 

discontinuity . . . . . . . . . . . . . . . . . . . . . . .  14 
Effect of spmwise  location of  sweep discontir-uity on  Cnp . . 15 
Effect of spanwise locatioa of sweep discontizuity on C y s  . . 16 

- 

c 
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Lateral  Stability  Characteristics 

- Rolling moment  due to  sideslip.-  The stat ic   la terel   s tabi l i ty   der iv-  
atives  for  the wing-fuselage configuration  (fig. l3(a)) indicate,  in 
general, that the  effective-dikedral  characteristics of the "wings are 
similar t o  those of' the swept  wing. The "wings indicate  relatively 
little effect of spanwise location of  sweep discontinuity on czp - 
probably because the changes i n  area involved, as the location of  sweep 
discontinuity was moved inboard of  y* = 50, had small m-nt arm. The 
characteristics of the W50 wing is  more like  the  characteristics  that 
w o u l d  be expected f o r  a swep t fomd wing (ref. 5), probably  because the 
sweptforward portion of the W ~ O  wing has the  greatest mament m. How- 
ever, a reduction in  the span of the sweptforward portions of these W-wings 
allows the effective  dihedral  to approach that of the sweptback wing, 
probably because the considerably  larger  areas of the sweptback portions 
of the wing offset %he effect of the greater moment a r m  of the swept- 
forward portions of the wing. 

The lateral stabil i ty  characterist ics of the model with wing off 
are sham in  f igure 12. The results  indicate that the  contribution of 
the fuselage t o  CzB is negligible. Tne vertical-tail   contribution  to 

par t   to   the  fact  that the force on the  vertical t a i l  moves t m d  the 
r o l l  axis w i t h  increasing  angle of attack. The general  trend of C2 
with p (fig.  13) of the complete-model configurations, as well as the 
complete model less the  horizontal  tail,  is the same as that of the wing- 
fuselage  configuration and indicates  that the sidewash effect  is small. 
Within the range of horizontal-tail height investigated,  there is l i t t l e  
e f fec t  of ta i l  height on C2 , except a t  the  higher l i f t  coefficients. 
(See figs. 5 t o  u.) 

C 2 P  
decreased  with  increasing  angle of attack, which probably is due i n  

P 

B 

Within the range of spanwise location of  sweep discontinuity  inves- 

than do the M - w i n g s  . The experimental wing-fuselage data for the 
tigated,  figure 14 shows that the W-wings afford a greater range of 

czPCL 
basic sweptback wing me i n  good agreement with  the  themetical  results 
of reference 6 .  

Yawing  moment due to  sideslip.-  Results for  the wing-fuselage con- 
figurations  (fig.  l5(a))  indicate,  in  general, that there is  very l i t t l e  
effect  of the plan-form variations  investigated on  Cnpp except at the 
high l i f t  coefficients where both  the M- and W-wing configurations 
eliminated  static  directional  instabil i ty noted for the swept-wing con- 
figuration. For a l l  the  wing-faelage  configurations,  the  fuselage 
produces almost the  entire amount of directional  inSt8biuty up t o  
maximum l i f t  coefficient,  as may be seen by canparing  the King-fuselage 
data of figure l5(a) w i t h  the fuselage-alone  data of figure 12. 

v 
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Comparison of figure l!j(b) (WFV) w i t h  figure 13(a) (WF) shows that 
the  contribution of the  vertical  t a i l  t o  C, i s  relatively independent 
of spanwise location of sweep discontintiity  for either the M- or W-wings. 

B 

Conparison of the  data  for the cnnplete-model configurations WFVHH 
of figure 15(c) and 'WFVHL of figure  l5(d) with results for the horizontal- 
t a i l  off (fig. l5(b)) irdlicates  that  the  &ition of the  horizontal teil, 
a t  either of the heights investigated, had no eppreciable  effect on 
directional  stabil i ty.  In gelleral, a l l  the configmations  investigated 
with the M-wings and sane of the configurations with the 'ET-vings gave 
posi t ive  s ta t ic   direct ional   s tabi l i ty  over the l if t-coefficient range 
investigated,  including the stall. 

Thteral force due to  sideslip.-  Results for  the wing-fuselage con- 
figurations  (fig. 16(a)) indicate, ir, general,  that  there i s  very l i t t l e  
effect  of the plar,-form vaziations  investigated on l a t e ra l  f mce due t o  
sideslip Cyg. Also, for the wing-fuselage configurations, almost the 
entire value of C y  is produced by the  ?uselage up t o  maximum lift 
coefficient,  as may be seen by  comparing the wing-fuselage data of f ig- 
ure 16( e) the  fuseme-alone  data of figure 12. 

P 

CONCLLTSIONS 

Results of a law-speed wind-tunnel investigation of a complete- 
m o d e l  configmation  havhg M- and W-wings with varying spanwise loca- 
tions of sweep discontinuity ir-dicate the folloving conclusions: 

1. For the  ranges of spanwi_se location of sweep discontinuity 
iwestigated (outboard of midsemispan f o r  W-wings and inboard of mid- 
senispan for  M--irgs), the variation of effective dihedral with loca- 
t ion of sweep discontinuity was Eppreciable for  the W-wings but w a s  
very small f o r  the M-wings. 

2. Ln general, a l l  the  configurations  investigated with the "wings 
end sone of the configurations with the W-wings gave posi t ive  s ta t ic  
directioaal  stabil i ty over the  lift-coefficient range investigated 
including the stall. 
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3. None  of  the  lateral  stability  characteristics  were  appreciably 
affected  by  addition of the  horizontal  tail  in  either of the  two posi- 
tions used. 
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Lift 
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Rolling moment 

Figure 1.- Stabili ty system of axes showing positive  directioc of forces, 
mments, and angles. 
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Phys~cal Characferlsflcs 

Wing : 
Sweep of % rnbaard pane1,W 
Sweep of 94 oufboard  panel,&g 
Area,sq f f  
Span, f t 
Aspecf raf lo 
raper ratlo 
Mean  aerodynam!c chard, f l  
Inclabce, deg 
Dihedral, dm 
Atrfoll sectlon parollel 

Io plane of syrnmefry 

lionzontal t a i l :  
Area.sqff 
Aspecf raho 
Alrforl  section  pOrOllel 

fo plane of  symmefry 

Vertical  tall: 
Area,sqff 
Aspecf raf io 
Afrfoil section parallel 

fo plane of  symmetry 

.44 
45 
6 
6 
6 

0160 
I 02 
0 
0 

65A009 

624 
4.w 

NACA 65A006 

I 69 
I I8 

63AOOS 

4958 !. 
/L -7-7 

Figure 2.- General arrangement of t e s t  mdel with ty-picd "wing. 
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2-68568 
Figure 3. - Photograph of typlcal model on support s t r u t .  
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M - Wings 

y*= 40 m 

i 

Aspe ct r a  t io  
Toper rat io 
Sweep of 94 ,deg 
Span, f t  
Area , sg f f  

6.0 
6 

= 45 
6 
6 

Mean aerodynamic chord, f t 1.02 
Airfoil section pora/le/ to 

plane o f  symmetry NACA 65 A 009 

Figure 4.- Details of the  various composite wings. 
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L i f  t coefficient,  CL 

Figure 5.- Effect of component parts on the lateral   stabil i ty  character-  
f s t i c s  of the model w i t h  the 45O swept wing (A). 
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Fi gure 6 .  

. 
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-4 -2 0 .2 4 .6 .8 LO /.2 /% 

L i f t  coefficient, CL 

Figure 7.- Effect of component psrts on the lateral stability character- 
i s t ics  of the model with the M40 wing. 
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L I f f   coef f ic ienf  , CL 

Figure 8.- Effect of component parts on the  lateral   stabil i ty character- 
istics of the model with  the M ~ o  wing. 
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-4 -2 0 .8 LO L 2  /.4 
L i f  f coef f ic ienf  I CL 

Figure 9.- Effect of component  parts  on  the  lateral  stability  character- 
istccs of the nodel with the WW wing. 
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- Effect of component parts on the  lateral  stability cheracter- 
istics of the model w i t h  the W60 wing. 
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-4 72 0 .2 4 .6 .8 l.0 12 /.4 
L i f t  coef f ic ient ,  CL 

Figure 11.- Effect of component parts on the latersl stability  charecter- 
i s t i c s  of the model with the W70 wing. 
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-5 0 5 lo /5 20 25 30 35 
Angle o f  ottack, Q , deg 

Figure 12.- Effect of component parts on the   la teral   s tabi l i ty  chzrecter- 
istics of the model without a wing. 
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-4 0 .2 4 .6 .8 
L i f t  coef f icien f , CL 

4 

Figure 13.- Effect of sganwise location of sweep disconkinuity on rol l ing 
monent due t o  sideslip.  
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Figure 13. - Continued. 
. 
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L i f t  coeff ic ient ,  CL 

Figure 15.- Continued. 
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Figure 13.- Concluded. 
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Figure 14.- Variation of Cz with spmwise location of sweep discon- 

tinuity WF. PCL 
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L i f t  coef f ic ien t CL 

Figure 15.- Ef2ec-t of spanwise location of sweep discontinuity on yawing 
mo?oent due to sideslip. 
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Figure 15.- Continued. 
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c 

- 4 -2 0 .2 4 .6 .8 
Lift c o e f f i c i e n t  ~ CL 

Q 

. 
Figure 15.- Continued. 
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Figure 15.- Concluded. 
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L i f  f coe f f i c i en t ,  CL 

Figure 16. - Effect of spanwise location of sweep discontinuity on lateral 
force due to sideslip. 
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Figure 16. - Continued. 
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Figure 16.- Continued. 
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